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Background 

Multiple  cellular  processes  are  dysregulated  in  tumor  formation  and  progression. 
Although  commonly  described  as  a  disease  of  unrestricted  cell  proliferation,  a  defining 
feature  of  epithelium-derived  cancer  is  the  loss  of  normal  tissue  architecture.  The  finely 
coordinated  integration  of  a  number  of  processes  including  cell-cell  and  cell-ECM 
interactions,  polarity,  survival,  and  proliferation  is  required  for  the  maintenance  of 
normal  tissue  architecture.  Dysregulation  of  any  of  these  processes  could  disrupt  tissue 
organization  and  lead  to  tumor  formation  and  progression.  Establishment  of  cell  polarity 
is  a  fundamental  process  required  for  organizing  tissue  architecture  (Itoh  and  Bissell, 
2003).  Loss  of  polarity  is  often  detected  as  an  early  event  in  tumor  progression.  Thus, 
determine  how  molecules  and  pathways  regulate  polarity  and  tissue  architecture  is  crucial 
for  understanding  the  mechanisms  of  tumor  formation  and  progression.  Recently,  three- 
dimensional  (3D)  culture  systems  have  received  recognition  in  that  they  recapitulate 
features  with  regard  to  in  vivo  tissue  architecture,  and  thus  provide  useful  physiologically 
relevant  models  for  the  study  of  cancer.  Our  laboratory  has  been  utilizes  a  3D  laminin- 
rich  extracellular  matrix  (IrECM)  assay  system  using  the  HMT-3522  human  breast  tumor 
progression  series  which  is  comprised  of  non-malignant  SI  cells  and  malignant  T4-2  cells. 
This  is  a  good  model  to  address  how  normal  organ  structure  and  function  are  maintained 
and  how  the  balance  is  lost  in  cancer  at  the  molecular  level.  The  purpose  of  this  project  is 
to  identify  determinants  in  breast  epithelial  cell  polarity  using  this  model  system. 


Progress 

As  I  described  in  the  annual  report  last  year,  the  data  obtained  from  Taskl: 
Determine  which  tight  junctions  components  are  down/up  regulated  as  human 
mammary  epithelial  cells  proceed  to  malignancy  and  Task2:  Determine  morphological 
features  and  localization  pattern  of  tight  junction  (TJ)  components  in  HMT-3522 
series  grown  in  3D  laminin-rich  basement  membrane  with  confocal  and  electron 
microscopy,  indicated  that  it  would  be  appropriate  to  shift  the  focus  slightly  to  identify 
molecular  mechanisms  or  pathways  that  regulate  TJ  proteins  as  well  as  polarity,  rather 
than  investigating  TJ  components  themselves  in  Task3:  Examine  gain  and  loss  of 
function  analyses.  Thus,  I  have  examined  potential  polarity  regulator  Rapl  which  is  the 
Ras  superfamily  small-G  protein  in  Task3.  1  reasoned  that  Rapl  could  regulate  polarity 
based  on  the  following  data; 

1)  Rapl  functions  upstream  of  Erk,  PI3K,  and  Racl,  which  are  upregulated  in  malignant 
T4-2  cells  compared  to  non-malignant  SI  cells  in  3D  IrECM.  Reducing  the  activity  of 
either  of  these  molecules  revert  disorganized  structures  of  T4-2  cells  to  organized 
spheroids. 

2)  Rapl  activity  is  also  increased  in  T4-2  cells  (Figure  1  A). 

3)  Rapl  is  involved  in  regulation  of  integrin-dependent  adhesions  as  well  as  cadherin- 
mediated  cell-cell  adhesions. 
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To  examine  gain  and  loss  of  function  analyses  of  Rapl,  I  produced  YFP-tagged 
dominant-active  and  dominant-negative  Rapl  constructs  and  established  stable  T4-2 
transfectants  expressing  these  constructs  (T4-RaplDA  and  T4-RaplDN)  as  well  as  YFP 
as  a  control  (T4-YFP)  (Figure  IB).  These  transfectants  were  cultured  in  3D  IrECM  to 
investigate  how  Rapl  activity  affects  tissue  polarity. 

Inhibiting  Rapl  yields  a  polarized  acinus-like  structure  similar  to  but  distinct  from 
the  reverted  phenotype  by  EGFR  inhibitor  AG1478  in  T4-2  cells 

Control  T4-YFP  cells  cultured  in  3D  IrECM  behaved  similar  to  parental  T4-2 
cells,  which  proliferated  and  formed  large  disorganized  colonies  (Figure  2A,  T4-YFP).  In 
sharp  contrast,  3D  IrECM  cultured  T4-RaplDN  cells  showed  remarkable  morphological 
differences;  they  formed  acinus-like  structures  similar  to  non-malignant  breast  epithelial 
cells  (Figure  2A,  T4-RaplDN).  Our  lab  previously  demonstrated  that  the  phenotype  of 
T4-2  cells  is  altered  by  the  reduction  of  EGFR  activity  with  EGFR  inhibitor  AG1478  or 
inhibitory  antibody  mAb225  in  3D  IrECM  (Wang  et  al.,  1998).  When  control  T4-YFP 
cells  were  treated  with  70nM  AG  1478,  cells  underwent  growth  arrest  and  formed  small 
organized  clusters  (Figure  2A,  T4-YFP+AG1478).  However,  spheroids  derived  from  T4- 
RaplDN  cells  differ  from  AG1478-treated  T4-YFP  cells  in  size  and  organization. 

To  determine  the  degree  of  polarity  and  the  organization  of  tissue  architecture  in 
3D  IrECM  cultured  transfectants,  we  examined  localization  of  a6-integrin,  which  is 
concentrated  at  basal  membrane  domains  in  well-polarized  epithelial  cells  (Figure  2A, 
a6-integrin).  In  T4-YFP  cells,  a6-integrin  was  distributed  around  the  entire  cell 
membrane  indicating  that  basal  polarity  was  impaired.  On  the  other  hand,  polarized 
localization  of  a6-integrin  at  the  basal  membrane  domain  was  observed  in  T4-RaplDN 
and  AG  147 8 -treated  T4-YFP  spheroids.  Therefore,  basal  polarity  could  be  re-established 
by  inhibiting  either  EGFR  or  Rapl  signal  in  T4-2  cells. 

I  also  stained  for  P-catenin  which  localizes  at  basolateral  domains  and  for  the 
apical  polarity  indicator  GM130,  a  component  of  the  Golgi  apparatus,  which  is 
distributed  at  the  apical  side  of  the  nucleus  in  polarized  cells  (Figure  2A,  P-catenin  and 
GM130).  In  T4-YFP  colonies,  P-catenin  was  found  over  the  entire  cell  membrane  and 
GM130  was  randomly  distributed,  indicating  that  apical  and  lateral  cell  polarity  was 
completely  disrupted.  In  T4-RaplDN  spheroids,  exclusive  concentration  of  GM130  at  the 
apical  side  of  nucleus  and  basolateral-restricted  distribution  of  P-catenin  was  observed, 
suggesting  that  expression  of  dominant-negative  Rapl  was  sufficient  to  acquire  polarized 
acinus  architecture.  P-catenin  and  GM130  were  correctly  localized  in  AG1478-treated 
T4-YFP  cells,  but  slightly  different  from  those  in  T4-RaplDN  spheroids. 

To  compare  proliferation  kinetics  of  T4-YFP,  T4-RaplDN,  and  AG  147 8 -treated 
T4-YFP  colonies,  I  determined  colony  sizes  and  Ki-67  positive  ratios  at  day  3,  day  5,  and 
day  8  of  culture.  At  each  day  the  measured  T4-RaplDN  spheroids  were  almost  2-fold 
larger  than  AG1478-treated  T4-YFP  spheroids,  while  they  were  50%  smaller  than  T4- 
YFP  colonies  (Figure  2B).  The  ratio  of  Ki-67  positive  spheroids  derived  from  AG  1478- 
treated  T4-YFP  cells  was  significantly  decreased  at  day  5,  and  only  ~5%  spheroids  were 
Ki-67  positive  at  day8  of  culture,  indicating  that  the  reversion  by  treatment  with  AG  1478 
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seemed  to  be  associated  with  strong  suppression  of  proliferation.  On  the  other  hand,  in 
T4-RaplDN  spheroids,  higher  Ki-67  positive  ratio  was  maintained  till  later  day  of  culture 
and  ~  45%  spheroids  were  Ki-67  positive  at  day  8. 

These  results  suggested  that  there  was  a  difference  between  reversion  by 
inhibiting  Rapl  and  EGFR  signaling,  and  re-establishment  of  acinus  polarity. 
Furthermore  formation  of  organized  spheroid  architecture  by  expressing  dominant- 
negative  Rapl  in  malignant  T4-2  cells  was  not  simply  a  consequence  of  suppressing  cell 
proliferation. 

Inhibiting  Rapl  activity  promotes  lumen  formation  by  apoptosis  in  T4-2  cells 

When  normal  mammary  epithelial  cells  are  cultured  in  3D  IrECM,  they  proceed 
through  morphogenetic  steps  to  achieve  a  hollow  glandular  architecture.  During  the  early 
steps  of  morphogenesis  (~day  3),  apicobasal  polarity  becomes  evident  within  cell  clusters. 
Around  day  6,  cells  in  direct  contact  with  IrECM  become  well-polarized,  whereas  cells 
lacking  contact  with  IrECM  are  poorly  polarized.  The  cells  which  are  not  in  contact  with 
IrECM  begin  to  die  by  apoptosis  about  day  8  (Debnath  et  al.,  2002). 

To  investigate  whether  AG1478-treated  T4-YFP  and  T4-RaplDN  cells  follow  a 
similar  morphogenesis  program,  I  cultured  both  cells  in  3D  IrECM  until  day  15. 
AG1478-treated  T4-YFP  cells  showed  growth  arrest  around  day  5  and  kept  almost  same 
condition  at  day  15.  They  retained  their  apicobasal  polarity,  however,  less  than  2% 
spheroids  formed  a  lumen  by  day  15  (Figure  3 A).  On  the  other  hand,  lumen  formation 
was  observed  in  more  than  60%  of  spheroids  derived  from  T4-RaplDN  cells  (Figure  3B). 

I  examined  organization  of  actin-filaments  in  these  cells  to  compare  polarity  and  confirm 
lumen  formation.  The  apical  localization  of  actin-filament  was  detected  in  T4-Rapl  DN 
cells  and  not  in  AG1478-treated  T4-YFP  cells  (Figure  3C). 

The  immunostaining  for  the  cleaved  active-caspase3  at  day  10  revealed  that 
apoptotic  cell  death  occurred  inside  of  acinus-like  structure  of  T4-RaplDN  cells  not 
contacting  with  IrECM,  whereas  it  rarely  occurred  for  AG1478-treated  T4-YFP  cells  (Fig. 
3D).  This  result  suggested  that  reversion  by  inhibiting  EGFR  signaling  alone  is  not 
sufficient  to  activate  morphogenetic  program  of  alveolar  epithelial  cells  with  apoptotic 
cell  death  in  3D  IrECM  and  T4-RaplDN  spheroids  had  more  developed  polarity  and 
phenotypically  comparable  to  normal  mammary  epithelial  cells. 

Dominant-active  Rapl  desensitizes  T4-2  cells  to  growth  inhibition  and  re¬ 
establishment  of  polarity  by  the  EGFR  inhibitor 

I  next  investigated  the  effect  of  increasing  Rapl  activity  in  acinus  architecture  of 
T4-2  cells.  When  T4-RaplDA  cells  were  cultured  in  3D  IrECM,  they  formed 
disorganized  cellular  masses  which  were  indistinguishable  from  those  formed  by  T4-YFP 
cells  (compare  T4-YFP  in  Figure  2A  and  T4-RaplDA  in  Figure  4A).  However,  in  the 
presence  of  normal  concentration  (70nM)  of  AG1478,  the  phenotype  of  T4-RaplDA  cells 
was  completely  different  when  compared  to  AG1478-treated  T4-YFP  cells.  T4-RaplDA 
cells  treated  in  the  same  manner  with  T4-YFP  cells  continued  to  proliferate  and  formed 
large  aggregated  colonies  similar  to  untreated  cells.  In  addition,  they  failed  to  correctly 
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localize  a6-integrin,  (3-catenin,  and  GM130.  Therefore,  T4-2  cells  exogenously 
expressing  dominant-active  Rapl  acquired  resistance  to  the  effect  of  EGFR  inhibitor  with 
regard  to  the  ability  to  reorganize  malignant  structures. 

In  the  previous  studies,  the  expression  of  EGFR  and  pi-integrin  are  correlated 
with  acinus  architecture;  i.e.  these  molecules  are  upregulated  in  3D  IrECM  cultured  T4-2 
cells  compared  to  SI  cells  (Weaver  et  al.,  1997).  When  T4-2  cells  are  reverted  by 
inhibiting  any  of  EGFR,  pl-integrin,  MEK,  or  PI3K  in  3D  IrECM,  the  expression  of 
EGFR  and  pi-integrin  are  down-regulated  while  tumor  suppressor  gene  PTEN  is  up- 
regulated  to  levels  comparable  with  those  in  SI  cells  (Liu  et  al.,  2004).  Since  these 
changes  are  not  observed  in  2D  cultures,  it  is  assumed  that  molecular  cross-modulation  is 
associated  with  tissue  architecture.  Reverting  T4-YFP  cells  by  treatment  with  70nM 
AG  1478  resulted  in  down-regulated  expression  of  both  EGFR  and  pi-integrin  as  well  as 
up-regulation  of  PTEN.  However,  expression  of  these  molecules  was  unaffected  in  T4- 
RaplDA  cells  by  the  same  treatment  (Figure  4C). 

To  investigate  if  the  resistance  of  dominant-active  Rapl  expressing  T4-2  cells  for 
inhibitors  against  EGFR  were  dose-sensitive  or  absolute  phenotype,  I  tested  higher  dose 
of  AG  1478  and  mAb225  (Figure  5A,  B).  I  also  used  inhibitors  against  MEK  and  PI3K, 
which  have  been  previously  shown  to  revert  malignant  phenotype  of  T4-2  cells,  to 
determine  whether  active  Rapl  affects  reversion  through  these  pathways  as  well  (Fig.  5C, 
D).  As  shown  in  Fig.  5C,  the  same  concentration  (~8pM)  of  PI3K  inhibitor  LY294002 
was  able  to  revert  T4-RaplDA  and  T4-YFP  cells. 

On  the  other  hand,  when  210nM  AG  1478,  which  was  a  3-fold  higher 
concentration  than  that  of  required  for  the  reversion  of  T4-YFP  cells,  was  added  to  the 
T4-RaplDA  cells,  they  were  reverted  to  the  non-malignant  phenotype  (Figure  5A).  In  a 
similar  way,  treatment  with  an  EGFR  blocking  antibody,  mAb225,  revealed  that  3~4-fold 
higher  dose  was  required  to  phenotypically  revert  T4-RaplDA  cells  as  compared  to  T4- 
YFP  controls  (Figure  5B).  In  addition,  reversion  by  inhibiting  MEK  signaling,  30pM 
PD98059  was  required  for  T4-RaplDA  cells,  while  10pM  PD98059  was  sufficient  for 
T4-YFP  cells  (Figure  5D). 

These  results  suggested  that  up-regulation  of  Rapl  activity  affects  sensitivity  for 
growth  inhibitory  signals  modulating  EGFR-MAPK  pathways,  and  thus  could  lead  to 
exaggeration  of  malignant  phenotype  of  T4-2  cells. 

Rapl  activity  affects  invasive  phenotype  and  tumorigenesis  of  T4-2  cells 

I  examined  if  the  activity  of  Rapl  influences  other  aspects  of  malignant 
phenotype  of  T4-2  cells  in  addition  to  acinus  architecture  in  3D  IrECM.  It  was  reported 
that  Rapl  plays  a  role  in  chemokine-stimulated  cell  migration  in  lymphocytes  and 
endothelial  cells  as  well  as  bladder  carcinoma  cell  migration  (Wittchen  et  al.  2005).  In 
addition,  Rapl  was  activated  in  metastatic  mammary  carcinoma  of  Crkl  transgenic  mice 
(Hemmeryckx  et  al.  2001).  Thus,  I  performed  matrigel  invasion  assay  to  determine  the 
effect  of  Rapl  in  the  invasiveness  of  T4-2  cells.  When  compared  to  control  T4-YFP  cells, 
T4-RaplDA  cells  showed  significantly  (~4-fold)  increased  invasion  through  matrigel- 
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coated  transwell  filters,  while  the  invasiveness  of  T4-RaplDN  cells  was  less  than  half 
that  of  the  controls  (Figure  6A). 

Next,  I  determined  the  effect  of  Rapl  on  tumorigenetic  potential  of  T4-2  cells. 
Xenograft  tumors  were  examined  by  injecting  transfectants  subcutaneously  into  athymic 
nude  mice.  Tumor  growth  in  vivo  was  enhanced  by  the  expression  of  dominant-active 
Rapl,  while  it  was  suppressed  by  dominant-negative  Rapl  (Figure  6B).  The  tissue 
sections  from  8  week  tumor  samples  indicated  that  the  tumors  formed  by  control  T4-YFP 
cells  were  not  dividing  anymore  and  differentiated.  On  the  other  hand,  T4-RaplDA 
tumors  appeared  to  still  proliferate  and  blood  vessels  were  often  observed  (Figure  6C). 

These  results  indicated  that  activation  of  Rapl  can  promote  several  aspects  of 
malignancy  in  breast  cancer  cells,  while  down-regulation  of  Rapl  has  an  inhibitory  effect. 

Phenotypic  reversion  occurs  via  a  modulation  of  different  signaling  pathways  than 
other  reverting  reagents 

To  dissect  the  molecular  mediators  of  these  cellular  phenotypes  caused  by 
modulation  of  Rapl  signaling,  I  analyzed  the  biochemical  characteristics  of  the 
transfectants.  Although  the  previous  data  revealed  that  there  is  a  correlation  between 
acinus  architecture  and  the  expression  of  EGFR,  (3 1 -integrin,  and  PTEN  in  the  presence 
or  absence  of  inhibitors  against  EGFR,  (31 -integrin,  MEK,  or  PI3K  in  our  model  system, 
the  expression  of  either  of  those  three  molecules  was  not  altered  in  T4-RaplDN 
spheroids,  which  had  phenotypical ly  reverted  organized  acinus  architecture  (Figure  7A). 
Furthermore,  T4-RaplDA  colonies  did  not  exhibit  elevated  EGFR  activity  despite  their 
resistance  to  reversion  by  AG  1478.  Therefore,  molecular  mediators  which  influence 
phenotypes  of  Rapl  transfected  T4-2  cells  in  3D  IrECM  appeared  to  differ  from  those  by 
modulating  EGFR,  (31 -integrin,  MEK,  or  PI3K  alone. 

Several  studies  have  reported  that  Rapl  affects  the  activity  of  Erk,  p38,  or  Akt 
with  cell-type  and  context  dependent  manner  (Stork,  2003),  thus  the  expression  and 
phosphorylation  levels  of  these  proteins  in  the  transfectants  were  determined  (Figure  7B). 
Phospho-Erk  level  was  greatly  upregulated  and  phospho-Akt  was  slightly  up-regulated  in 
T4-RaplDA  colonies  as  compared  to  control  T4-YFP  colonies  in  3D  IrECM.  In  2D 
cultured  cells,  on  the  other  hand,  the  differences  in  either  phosphorylation  levels  or 
expressions  of  these  proteins  were  not  detected  among  the  transfectations  (data  not 
shown).  T4-RaplDN  spheroids  in  3D  IrECM  exhibited  significantly  decreased  Akt 
activity  and  slight  reduction  of  Erk  activity  than  T4-YFP  colonies.  The  phosphorylation 
and  expression  of  p38  were  unaffected  by  expression  of  dominant-active  or  dominant¬ 
negative  Rapl  in  both  2D  and  3D  IrECM  cultured  T4-2  cells. 

I  then  examined  downstream  of  Erk  and  Akt  pathways  (Figure  1C).  p90RSK,  a 
major  target  of  Erk  involved  in  cell  proliferation,  showed  higher  activation  in  T4- 
RaplDA  colonies,  while  it  was  slightly  down-regulated  in  T4-RaplDN  spheroids,  as 
compared  to  T4-YFP  colonies.  Akt  directly  phosphoprylates  GSK3-P  and  affects  various 
cellular  events.  Akt  also  phosphoprylates  TSC2  and  inhibits  its  function  as  a  tumor 
suppressor.  Phospho-GSK3[3  and  phospho-TSC2  level  was  decreased  in  T4-RaplDN 
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spheroids  in  a  similar  manner  with  phospho-Akt  level.  Recent  studies  revealed  that  TSC2 
is  involved  in  regulation  of  translation  machinery  through  mTOR  and  increased 
translational  signal  causes  tumor  progression  (Martin  and  Hall,  2005).  The  downstream 
targets  of  TSC2,  S6  ribosomal  protein  and  4EBP1,  were  highly  phosphorylated  in  74- 
Rap  IDA  colonies,  while  they  were  less  phosphorylated  in  T4-RaplDN  spheroids  than 
T4-YFP  colonies  (Figure  7D).  Therefore,  translational  pathway  seemed  to  be  more 
activated  and  inactivated  by  dominant-active  and  dominant-negative  Rapl,  respectively. 

These  results  indicated  that  both  Erk  and  Akt  pathways  were  modulated  by  Rapl 
in  the  context  of  3D  IrECM  culture,  but  that  the  feedback  regulation  on  the  levels  of 
EGFR  and  integrin  did  not  occur. 


Task4:  Determine  gene  expression  profile  in  SI,  T4-2,  and  reverted  T4-2  cells  using 
DNA  microarray ,  is  an  effective  approach  to  identify  candidate  genes  involved  in 
organization  of  polarized  tissue  architecture.  Since  the  analyses  of  3D  IrECM  cultured 
T4-2  cells  transfected  with  dominant-active  and  dominant-negative  Rapl  showed  that 
Rapl  play  a  role  in  organizing  polarity  and  tissue  architecture  via  coordinating  several 
signaling  pathways,  I  performed  Task4  using  T4-YFP,  T4-RaplDA,  T4-RaplDN.  RNA 
was  isolated  from  these  cells  after  cultured  in  3D  IrECM  for  10  days  and  hybridized  with 
Affymetrix  DNA  chips  spotted  with  22,000  human  oligos.  Obtained  data  were  processed 
and  analyzed  with  GeneSpring  software. 

484  genes  are  up-regulated  and  361  genes  are  down-regulated  more  than  2-fold  in 
T4-RaplDA  cells  compared  to  control  T4-YFP  cells.  Among  484  up-regulated  genes, 
162  genes  were  down-regulated  in  T4-RaplDN  cells,  which  are  candidate  genes  having  a 
correlation  with  Rapl  activity  in  3D  IrECM  culture  (Figure  8 A).  Several  cell  cycle 
regulators  such  as  CyclinA2,  CyclinBl,  and  CyclinB2  were  identified  and  confirmed 
their  alterations  by  RT-PCR  (Figure  8B).  Interestingly,  all  of  them  are  G2/M  cyclins  and 
Gl/S  cyclins  such  as  CyclinD  were  not  affected  by  Rapl.  In  addition  to  these  G2/M 
cyclins,  a  couple  of  genes  playing  a  role  from  G2  to  M  phase  were  up-regulated  in  T4- 
RaplDA  cells  and  down-regulated  in  T4-RaplDN  cells.  A  serine/threonine  kinase  Polo¬ 
like  kinase-1  (Plkl)  is  one  of  them  (Eckerdt  et  al.).  Plkl  is  expressed  from  G2  onwards 
and  is  degraded  at  the  end  of  mitosis.  Although  Plkl  is  already  present  in  G2,  its  kinase 
activity  is  first  seen  at  the  G2/M  transition  and  reaches  peak  levels  during  mitosis.  It  was 
suggested  that  CyclinB-Cdkl  functions  upstream  of  Plkl  and  activate  it.  Up-regulation  of 
cell  cycle  regulators  is  connected  to  progression  of  malignancy.  For  example,  Plkl  is 
overexpressed  in  a  various  types  of  tumors  and  it  is  shown  that  expression  level  of  Plkl 
coincides  with  poor  prognosis. 

On  the  other  hand,  55  genes  were  up-regulated  in  T4-RaplDN  cells  among  361 
down-regulated  genes  in  T4-RaplDA  cells  (Figure  9A).  Several  membrane  proteins 
(FLTR3,  CD164,  EphA3)  of  which  function  is  related  to  cell  adhesions  are  identified, 
although  their  functional  role  in  regulating  tissue  architecture  of  3D  IrECM  cultured  T4-2 
cells  is  not  clarified  yet.  Interestingly,  proapoptotic  factor  FoxOl  is  significantly 
increased  in  T4-RaplDN  cells  as  compared  to  T4-RaplDA  cells  (Figure  9B).  The 
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proapoptotic  activity  of  FoxOl  is  mediated  through  the  transcriptional  regulation  of 
several  genes  such  as  TRAIL,  FasL,  and  Bim,  which  is  a  critical  factor  for  lumen 
formation  (Reginato  et  al.,  2005).  FoxOl  induces  cell  cycle  arrest  by  transcriptional 
repression  of  positive  cell  cycle  regulators,  as  well  as  transcriptional  induction  of 
negative  cell  cycle  regulators  such  as  p27  and  thus  FoxOl  plays  a  tumor  suppressor  like 
functions  (Accili  and  Arden,  2004).  Thus,  downregulation  and  upregulation  of  FoxOl  in 
T4-RaplDA  and  T4-RaplDN  cells,  respectively,  well  correlates  with  their  phenotype  in 
3D  IrECM. 


Conclusion 


To  clarify  molecular  determinants  and  pathways  controlling  polarity  in  breast 
epithelial  cells,  I  have  investigated  potential  polarity  regulator  Rapl  using  3D  IrECM 
cultured  HMT-3522  cell  models.  The  obtained  data  suggests  that  Rapl  coordinates  Erk, 
PI3K/PTEN-Akt,  and  Racl  pathways  to  control  polarity  as  well  as  tissue  architecture. 
The  aberrant  activation  of  Rapl  seems  to  result  in  unbalanced  signaling  of  these 
pathways  and  causes  exaggeration  of  malignancy.  Recent  study  reveals  that  Racl  is 
constitutively  activated  in  cells  lacking  Par-3,  which  is  one  of  the  tight  junction 
components  and  an  essential  for  epithelial  cell  polarization  (Itoh  et  al.,  2001).  The 
assembly  of  tight  junctions  is  efficiently  restored  by  a  dominant-negative  Racl  mutant, 
indicating  that  Rapl  may  play  a  role  of  regulating  tight  junctions  via  Racl  (Chen  and 
Macara,  2005).  The  further  analyses  of  microarray  data  from  Task4  would  be  of 
assistance  to  understand  molecular  mechanisms  how  Rapl  control  tight  junctions  and 
polarity  though  integrating  Racl,  Erk,  and  PI3K/PTEN-Akt  pathways. 


Reportable  Outcomes 

Studies  described  above  are  supposed  to  be  presented  at  minisymposium  in  45th  annual 
meeting  of  American  Society  for  Cell  Biology  and  currently  being  compiled  into  a 
manuscript. 
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Appendices 
Figure  legends 

Figure  1.  Activity  of  Rapl  is  up-regulated  in  malignant  T4-2  cells  compared  to  non- 
malignant  SI  cells  in  3D  IrECM. 

Morphology  and  Rapl  expression/activity  in  non-malignant  SI  and  malignant  T4-2  cells. 
(A)  Phase-contrast  images  of  SI  and  T4-2  cells  cultured  in  3D  IrECM.  Bar.  A 
comparison  of  the  expression  and  activity  of  Rapl  between  SI  and  T4-2  cells.  Pull-down 
assay  for  GTP-bound  Rapl  revealed  that  Rapl  was  more  activate  in  3D  IrECM  cultured 
malignant  human  breast  epithelial  cells.  (B)  YFP,  YFP-tagged  dominant-active  Rapl,  and 
YFP-tagged  dominant-negative  Rapl  were  introduced  into  T4-2  cells.  Cells  were  stained 
with  anti-GFP  antibody. 

Figure  2.  T4-2  cells  transfected  with  dominant-negative  Rapl  exhibit  reverted 
phenotypes  in  3D  IrECM. 

(A)  Morphology  and  polarity  of  T4-YFP,  T4-RaplDN,  and  AG  1478 -treated  T4-YFP 
cells  in  3D  IrECM.  Cell  polarity  was  examined  by  staining  with  antibodies  against  a6- 
integrin  (basal),  (3-catenin  (basolateral),  and  GM130  (apical).  (B,  C)  Cell  proliferation  in 
3D  IrECM  was  determined  by  measuring  colony  size  (B)  and  Ki-67  positive  colonies  (C). 

Figure  3.  Lumen  formation  is  induced  in  3D  IrECM  cultured  T4-2  cells  transfected 
with  dominant-negative  Rapl,  and  not  in  AG1478-treated  control. 

(A,  B)  After  15  days  culture  in  3D  IrECM,  lumen  formation  was  observed  in  T4-RaplDN 
spheroids  (B),  while  T4-YFP  cells  reverted  with  AG  1478  did  not  show  lumen  (A).  (C) 
Distribution  of  actin  filaments.  Actin  filaments  were  localized  at  apical  membrane  area  in 
3D  IrECM  cultured  T4-RaplDN  spheroids.  (D)  The  active-caspase3  positive  apoptotic 
cells  were  detected  in  T4-RaplDN  cells,  and  not  in  AG  1478  treated  T4-YFP  cells. 

Figure  4.  T4-2  cells  transfected  with  dominant-active  Rapl  are  resistant  to  reversion 
by  normal  concentration  of  AG1478. 

(A)  Morphology  and  polarity  of  T4-RaplDA  and  AG1478-treated  T4-RaplDA  colonies 
in  3D  IrECM.  Colonies  were  stained  with  anti-a6-integim,  anti-P-catenin,  and  anti- 
GM130  antibodies.  (B,  C)  Comparison  of  cell  proliferation  between  T4-RaplDA  and 
AG1478-treated  T4-RaplDA  colonies.  Unlike  control  T4-YFP  colonies,  size  (B)  or  Ki- 
67  positive  ratio  (C)  of  T4-RaplDA  colonies  was  not  affected  by  treatment  with  normal 
concentration  of  AG  1478  (70nM).  (D)  The  effect  of  AG  1478  treatment  on  pi-integrin, 
EGFR,  and  PTEN  in  T4-YFP  and  T4-RaplDA  colonies.  Expression  of  pl-integrin  and 
EGFR,  and  phospho-EGFR  was  reduced,  while  PTEN  expression  was  up-regulated  in 
AG1478-treated  T4-YFP  colonies  but  not  in  AG1478-treated  T4-RaplDA  colonies. 

Figure  5.  Dose  dependent  effects  of  inhibitors  on  T4-RaplDA  colonies. 

Cells  were  treated  with  different  dose  of  inhibitors  against  EGFR  (A;  AG  1478  and  B; 
mAb225),  MEK  (C;  PD98059)  or  PI3K  (D;  LY294002).  T4-RaplDA  colonies  showed 
reverted  phenotype  when  concentration  of  inhibitors  against  EGFR  and  MEK  was 
increased  3-fold  higher  than  normal  concentration  required  to  revert  control  T4-YFP 
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colonies,  while  almost  same  concentration  of  LY294002  was  able  to  revert  both  T4-YFP 
and  T4-RaplDA  colonies. 

Figure  6.  Level  of  Rapl  activity  regulates  cell  tumorigenesis  and  invasive  phenotype 

(A)  Cell  invasiveness  is  altered  by  Rapl  mutant.  Up-regulation  of  Rapl  increased,  while 
down-regulation  of  Rapl  reduced  invasion  of  T4-2  cells.  (B)  T4-2  transfectants  were 
subcutaneously  injected  into  nude  mice.  T4-RaplDA  cells  exhibited  enhanced 
tumorigenecity,  whereas  T4-RaplDN  cells  almost  lost  it  compared  to  control  T4-YFP 
cells.  (C)  Histology  of  tumors  derived  from  T4-YFP  and  T4-RaplDA  cells. 

Figure  7.  Phenotypic  alteration  by  Rapl  activity  occurs  through  different  signaling 
pathways  from  a  modulation  of  EGFR  or  pi-integrin. 

Erk  and  Akt  pathways  were  affected  in  Rapl  mutant  transfected  T4-2  cells  in  3D  IrECM. 
Expression  and/or  phosphorylation  of  (A)  pi-integrin,  EGFR,  and  PTEN;  (B)  possible 
signaling  molecules  affected  by  Rapl;  (C)  downstream  targets  of  ERK  and  AKT;  (D) 
downstream  translational  signaling  molecules  were  affected  by  Rapl. 


Figure  8.  Genes  up-regulated  by  dominant-active  Rapl  and  down-regulated  by 
dominant-negative  Rapl  in  3D  IrECM  cultured  T4-2  cells.  (A)  RNA  was  isolated 
from  3D  IrECM  cultured  T4-RaplDA,  and  T4-RaplDN  cells  for  lOdays.  Isolated  RNA 
was  labeled  and  hybridized  with  Affymetrix  human  DNA  oligo  chips.  Genes  up- 
regulated  more  than  2-fold  in  T4-RaplDA  and  down-regulated  more  than  2-fold  in  T4- 
RaplDN  cells  as  compared  to  T4-YFP  cells  were  chosen.  (B)  Expression  of  cell  cycle 
regulator  genes  in  the  list  were  analyzed  by  RT-PCR. 

Figure  9.  Genes  down-regulated  by  dominant-active  Rapl  and  up-regulated  by 
dominant-negative  Rapl  in  3D  IrECM  cultured  T4-2  cells.  (A)  Form  the  same  data  set 
in  figure  8,  genes  down-regulated  more  than  2-fold  in  T4-RaplDA  and  up-regulated 
more  than  2-fold  in  T4-RaplDN  cells  as  compared  to  T4-YFP  cells  were  chosen.  (B)  The 
array  data  was  validated  by  RT-PCR  regarding  couple  of  adhesion  related  molecules 
(FLRT3,  CD164,  EphA3)  and  proapoptotic  molecule  FoxOl. 
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